The role of the pituitary-adrenal axis in the inhibition of gastrointestinal transit caused by intrathecal administration of bombesin was examined. Bombesin (0.3-10 /~g) slowed transit by this route in a dose-related manner. Either hypophysectomy or adrenalectomy prevented the inhibition of gastrointestinal transit associated with bombesin (10 #g, i.th.). The inhibitory gut effects of this peptide were not prevented in sham-operated rats. lntrathecal bombesin-induced inhibition of gastrointestinal transit is thus dependent upon an intact pituitary-adrenal axis.
Introduction
Bombesin is a tetradecapeptide originally isolated from amphibian skin; subsequently, homologues of this peptide were found to be located in the brain, gut and skin of mammals. Centrally administered bombesin produces poikilothermia [1] , hyperglycemia [2] , satiety [3] , and elicits excessive grooming [4] in the rat. Additionally, centrally given bombesin has potent gastrointestinal effects; these include a doserelated inhibition of gastrointestinal transit when bombesin is administered by either i.c.v. [5] or i.th. [6] routes, stimulation of gastric mucus production [7] and inhibition of gastric acid secretion [8] .
In a previous study [9] , we established that the inhibitory gastrointestinal transit effect of i.c.v, bombesin was dependent upon an intact pituitary-adrenal axis. Although it has previously been demonstrated that both i.c.v. [5] and i.th. [6] bombesin is effective in inhibiting transit, the recent recognition of the spinal cord as a target site for gastrointestinal drugs [10] and subsequent demonstration of independent modulation of gut function at spinal or supraspinal levels [11] suggest that these effects may be mediated through two discrete pathways. Thus, the dependence of i.c.v, bombesin gut effects on an intact adrenal-pituitary axis need not necessarily apply to the effects of the i.th. peptide. In the present study, we investigated the possibility that the inhibitory gastrointestinal transit effects of i.th. bombesin may be mediated through the pituitary-adrenal axis. We found that both the pituitary and the adrenal glands are necessary for i.th. bombesin to inhibit transit. Therefore, the inhibition of gastrointestinal transit by i.th. bombesin appears to share a common pathway with i.c.v, bombesin, which is dependent on an intact pituitary and adrenal system.
Materials and Methods

Animals and housing
Hypophysectomized, adrenalectomized and appropriate sham-operated, male Sprague-Dawley rats (60-75 g, Charles River), were obtained 4 days post-surgery along with normal, unoperated counterparts. All animals were allowed 3 days to acclimatize after delivery, during which time the hypophysectomized rats and their sham controls were given 5% glucose (w/v) in the drinking water; the adrenalectomized rats and their sham controls were given 0.9% NaC1 (w/v) in the drinking water. These dietary supplements were included to help maintain the viability of the postoperative animals. Normal rats received ordinary tap water. Animals were kept in a temperature controlled room with a standard 12-h light/dark cycle. Food was available ad libitum, except for the 16-h period immediately prior to the gastrointestinal transit experiments.
Measurement of gastrointestinal transit
Gastrointestinal transit was measured as previously described [12] . Animals were starved overnight. Each rat received a single i.th. injection of either saline or bombesin followed immediately by an oral injection of s 1Cr as sodium chromate in saline (0.5/~Ci, 0.2 ml/rat) (ICN Corporation). 35 min after administration of the marker, the animal was killed by cervical dislocation and the stomach and small bowel excised. The small intestine was placed on a ruled template and divided into 10 segments of equal length. The stomach and each of the 10 intestinal segments were placed into individual and consecutive culture tubes and the radioactivity in each tube was determined by gamma counting for one min. Transit of the marker along the intestine was calculated using the geometric center (G.C.) method [13] . Geometric centers .range from a low of 1.0 (all radioactivity located in the first segment) to a high of 10 (transit of all radioactivity to the most distal segment). A minimum of five rats were used at each dose. Statistical analyses of the transit data were performed using the ANOVA followed by Student's t-test for unpaired data.
Injections and compound
Intrathecal injections were made at the lumbar L5-L6 level of unanesthetized rats. A constant 5-#1 volume was injected using a Hamilton microliter syringe fitted with a 30 gauge needle as described by Hylden and Wilcox [15] . Bombesin (Peninsula Laboratories) was made up in distilled water and frozen in aliquots until immediately prior to use.
Results
Bombesin administered i.th. (0.3-10 #g/rat) significantly delayed gastrointestinal transit in a dose-related fashion in normal rats (Fig. 1) . The highest dose of bombesin (10/~g/rat) was given i.th. to hypophysectomized, adrenalectomized and appropriate sham-operated animals. As seen in Fig. 2 , bombesin was still effective in inhibiting transit in both groups of sham-operated rats. There was no significant difference in results between sham animals and normal rats receiving the same test compound (saline or bombesin). In contrast, hypophysectomy or adrenalectomy eliminated the inhibition of transit caused by i.th. bombesin (Fig. 3) . The basal level of transit in the hypophysectomized or adrenalectomized rats, measured after i.th. saline, was not significantly different from normal rats or sham-operated animals. The response at each dose of compound was determined using 8-12 rats.
Discussion
Intrathecai administration of bombesin inhibited gastrointestinal transit in a dose-related manner in agreement with our previous work [6] . This effect of the i.th. peptide was eliminated by either hypophysectomy or adrenalectomy, in agreement with previous results with i.c.v, bombesin [9] . Thus, i.c.v, and i.th. bombesin appear to produce their antitransit effects via a common pathway involving the pituitaryadrenal axis. Recently, we demonstrated that an intact brain-cord pathway was necessary for manifestation of the gastrointestinal antitransit effects of i.th. bombesin in the mouse; cord transection abolished the gut effects of the i.th. peptide [15] . In light of those data, it seems possible that the i.th. bombesin-induced inhibition of transit in rats operates through an ascending pathway to supraspinal centers where the pituitary influence of the adrenal glands becomes a necessary link in the chain of events leading to slowing of gut transit.
Previous work has shown that the synthesis of epinephrine in the adrenal medulla is controlled by the pituitary [16] . Hypophysectomy results in a marked reduction of phenylethanolamine-N-methyltransferase (PNMT), the enzyme catalyzing the final step of epinephrine synthesis; the activity of PNMT is dependent on the levels of circulating adrenocorticotropic hormone (ACTH) which may indirectly stimulate the activity of this enzyme via adrenal glucocorticoids. It has recently been demonstrated that ACTH is effective in increasing adrenal medullary PNMT activity in neonatal rats (i.e. 7 days old) indicating that the pituitary-adrenal axis has been established at a young age [17] . As hypophysectomy effectively decreases epinephrine content [16, 18] , it seems possible, then, that the hypophysectomized animals in our experiments already had markedly reduced amounts of epinephrine in the adrenal medulla.
Effectively, these hypophysectomized animals may have been functionally the same as the adrenalectomized group. Thus, i.th. bombesin may rely on the release of epinephrine from the adrenal medulla in order to produce its inhibitory effects on gastrointestinal transit. This centrally initiated effect appears to be via activation of a supraspinal site, resulting in subsequent alteration of gut motility via either a neural or humorai pathway. In this regard i.c.v, administration of bombesin was shown to inhibit gastric emptying, an effect which was abolished by subdiaphragmatic vagotomy in the rat [5] . The present study, however, showed that hypophysectomy or adrenalectomy also eliminated the inhibitory effects of bombesin (10 #g, i.th.) on gastric emptying (data not shown). This suggests the possibility of a feedback loop to vagal centers by the endocrine system or perhaps dual control of gastric emptying by hormonal and neural inputs initiated by centrally given bombesin. It is not known if this concept could apply to the intestinal antitransit effects of i.c.v, or i.th. bombesin. It seems possible, however, that bombesin-stimulated release of hormones from the pituitary could act on the adrenals to influence transit.
Interestingly, bombesin-induced scratching and grooming behavior was not significantly influenced by either adrenalectomy or hypophysectomy after i.c.v. [4] or i.th. administration ( [6] and this study). This is also true for the inhibition of gastric acid secretion by centrally given bombesin [8] . Adrenalectomy eliminates the hyperglycemia [2] and increases gastric mucus production associated with central administration of bombesin. Thus, this peptide exerts its myriad effects through numerous pathways. The exact mechanism by which i.th. bombesin influences gastrointestinal activity remains unclear at the present time.
